Abstract. Ras GTPase-activating protein 1 (RASA1) functions to inactivate Ras-GTPase and inhibit the mitogenic signal. Reduction or loss of RASA1 expression occurs during human cancer development and progression. This study investigated RASA1 expression in normal and breast cancer tissue specimens to determine the association with prognosis of breast cancer patients. Two sets of patient samples (45 fresh tissues and 373 paraffin-embedded tissues) were analyzed for RASA1 expression using RT-qPCR and immunohistochemistry. The results showed that the expression of RASA1 mRNA was lower in breast cancer tissues than in the corresponding normal tissues (P<0.001). Additionally, RASA1 expression was reduced in 60.6% (226/373) of breast cancer tissues. The reduced RASA1 expression was significantly associated with tumor lymph node metastasis (P=0.002), advanced TNM stages (P=0.017), estrogen receptor (ER) expression (P=0.002), Ki-67 (P=0.009), higher histological grade (P<0.001), and triple-negative breast cancer (P=0.041). Moreover, the reduced RASA1 expression was associated with shorter disease-free survival (P=0.036) and overall survival (P<0.001) of breast cancer patients. RASA1 expression, together with tumor lymph-node metastasis, TNM stage, Her-2 expression, and triple-negative breast cancer were independent factors in predicting survival of breast cancer patients. In conclusion, RASA1 expression is frequently reduced in breast cancer tissues, and the reduced RASA1 expression is associated with breast cancer progression and poor survival and disease-free survival of patients.
Introduction
Breast cancer is the most significant worldwide health concern for females, accounting for the leading cause of cancer incidence and the second mortality rate in 2008 (1) (2) (3) . In spite of advancements in early detection, treatment options, and prevention strategies for controlling breast cancer, a high percentage of breast cancer cases continue to progress, metastasize, and eventually cause patients to succumb to the disease. In this regard, identification of genes or molecular pathways that are responsible for the development and progression of breast cancer with understanding of their clinical significance are necessary, and may aid in the development of novel approaches for the effective treatment and prognostic prediction of breast cancer. Towards this end, our study focused on Ras GTPase-activating protein 1 (RASA1), which functions to inactivate Ras-GTPase and inhibit mitogenic signaling to downstream protein partners through its N-terminal SH2-SH3-SH2 domains (4) (5) (6) . Aberrant expression of RASA1 protein occurs in ~30% of all human cancers, including breast cancer, but in up to 90% of pancreatic cancers (7) .
The Ras family members belong to a class of small GTPase proteins that switch between the active GTP-bound and inactive GDP-bound states to control intracellular signaling networks; for example, the activation of Ras signaling can lead to cell cycle progression and cell proliferation, and can alter cell differentiation, adhesion, and migration, while reducing cell apoptosis (4, 5) . Altered expression of the Ras oncogene and Ras-related proteins promotes tumorigenesis and increases tumor cell invasion and metastasis (4, 5) . As a Ras family member, P120 Ras GTPase-activating protein (RasGAP) encoded by the RASA1 gene is involved in the negative regulation of the Ras oncogene (8) , with an altered expression of RASA1 protein being reported in several types of carcinoma (9, 10) . A reduction of RASA1 expression or activity can trigger the RAS-MAPK signaling pathway by activating the GTPase activity of RAS, thereby increasing cell proliferation, suppressing apoptosis, deregulating the cell cycle, and eventually leading to the malignant transformation of cells (10) . Thus, in this study, we assessed RASA1 expression in breast cancer tissues and determined whether aberrant expression was associated with clinicopathological factors and Downregulation of Ras GTPase-activating protein 1 is associated with poor survival of breast invasive ductal carcinoma patients prognosis of breast cancer patients. This allowed us to evaluate the potential of using RASA1 expression as a biomarker for predicting clinical outcome and prognosis of breast invasive ductal carcinoma patients (IDC). Clinicopathological data were collected from patient medical records and the patients (n=373) were followed up until December 2012. The patients were closely monitored after surgery with a median follow-up period of 74 months (range, 3-82 months). Overall survival (OS) and disease-free survival (DfS) were defined as the time from the date of surgery to date of death and the first recurrence, respectively.
Materials and methods

Patients
Individual samples were routinely assessed for expression of the estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2) and Ki-67 by immunohistochemistry. A tumor lesion (case) with ≥14% of Ki-67-positive tumor cells was considered highly proliferative (11) . The intensity of anti-HER2 staining was semi-quantitatively analyzed and graded as 0-3: grade 0 or 1, negative; grade 2, weakly positive; and grade 3, positive. Tissues with a weak positive expression (grade 2) were also subjected to duplicate fluorescence in situ hybridization (FISH) analysis of the HER-2 gene and scored as negative (<2-fold change) or positive (>2-fold increase) HER-2 gene amplification (12, 13) . furthermore, each breast cancer case was subjected to molecular subtyping according to the following criteria: Luminal A type, ER-and/or PR-positive, HER2-negative and Ki-67-positive cells <14%; Luminal B type, (HER2-negative) ER-and/or PR-positive, HER2-negative and Ki-67-positive cells ≥14%, (HER2-positive) ER-and/or PR-positive, with HER2 being overexpressed and/or amplified; HER2 type, where ER and PR were negative and HER2 was overexpressed and/or amplified; or triple-negative breast cancer type where ER, PR, and HER2 were all negative (14) . The clinicopathological characteristics of the 373 patients are listed in Table I .
Quantitative RT-PCR (RT-qPCR).
Total RNA was isolated from frozen tissue samples using TRIzol reagent (Invitrogen, Carlsbad, CA, uSA) according to the manufacturer's instructions and quantified using a NanoDrop spectrophotometer (Thermo Scientific, Waltham, MA, USA). Then, 100 ng of each RNA sample was reverse transcribed into cDNA using a High-Capacity cDNA reverse transcriptase kit (Applied Biosystems, Foster City, CA, USA) and qPCR was amplified. The relative levels of RASA1 transcripts were normalized to control GAPDH mRNA using the 2 -ΔΔCt method. The primer sequences for RASA1 were forward, 5'-CCAACGCCAAAC AATCAG-3' and reverse, 5'-ATTTCCTTGCCATCCACT-3'; and GAPDH forward, 5'-GCCAGCCGAGCCACAT-3' and reverse, 5'-CTTTACCAGAGTTAAAAGCAGCCC-3'. The qPCR amplification was performed in triplicate at 95˚C for 10 min and 40 cycles of 95˚C for 15 sec and 60˚C for 30 sec. Negative controls consisted of distilled H 2 O.
Tissue microarray and immunohistochemistry. Immuno histochemical staining was carried out using the two-step plus poly-HRP method as described previously (15) . Briefly, tissue blocks were cut for 4 µm sections and placed on poly-L-lysine coated slides. The slides were deparaffinized, dehydrated, immersed in 10 mM sodium citrate buffer (pH 6.0) and pretreated in a microwave oven for 10 min. This was followed by a 10-min rinse with PBS. After blocking with 3% hydrogen peroxide for 10 min at room temperature, the slides were incubated at 4˚C overnight with primary anti-RasGAP antibody (1:150 mouse mAb; Abcam, Cambridge, MA, uSA). Afterwards, the slides were stained with the two-step plus poly-HRP anti-mouse IgG detection system (ZSGB-Bio, Beijing, China). After visualization of the reaction with DAB chromogen, the slides were counterstained with hematoxylin and covered with a glycerin gel. for the negative controls, the primary antibody was substituted with PBS to confirm the specificity of the primary antibody.
The relative levels of RasGAP expression were evaluated semi-quantitatively as described in a previous study (16) . Briefly, the percentage and intensity of positive anti-RasGAP staining was evaluated and scored in randomly selected 10 high-power fields (magnification, x400) by two investigators in a blinded manner. The percentage of positively stained tumor cells was scored as 0, zero; 1, <10%; 2, 10-50%; and 3, >50%. The staining intensity was scored as 0, no staining; 1, weak (appearing as light yellow); 2, moderate staining (appearing as yellowish-brown); and 3, strong staining (appearing as brown). The staining index (SI) of individual sections was then calculated as: (averaged staining intensity score) x (proportion score). The cut-off value for anti-RasGAP staining was determined by measuring heterogeneity accordingly. An SI score of 4 as the cut-off value was used to distinguish low (<4) vs. high (≥4) RasGAP expression. The cases with discrepancies in the staining scores were re-reviewed by the two pathologists together with a senior pathologist to reach consensus. ultimately, the staining assessment and allocation of tumors by two investigators were similar with perfect inter-rater reliability.
Statistical analysis. Data were expressed as either real-case numbers or percentages. The difference between groups was analyzed by the χ 2 test or fisher's exact test. The OS and DfS of the patients were estimated by the Kaplan-Meier survival curve and analyzed by the log-rank test. The potential factors affecting survival were analyzed by risk ratios (RRs), 95% confidence intervals (CI), and univariate and multivariate regression analyses using the Cox proportional hazards model. Statistical analyses were performed using SPSS, ver. 11.0. (SPSS, Chicago, IL, uSA). P<0.05 was considered to indicate a statistically significant difference.
Results
Differential expression of RASA1 mRNA and protein in breast IDC tissues. In this study, we first assessed the expression of RASA1 mRNA in 45 samples of breast IDC tissue and found that the mean expression value of RASA1 mRNA in the tumor tissues was 2.93±17.98 (normalized to the GAPDH level), which was significantly lower than that of the corresponding normal tissue (20.16±125.98; P<0.001 by a wilcoxon rank test). we then defined 2-fold changes as a reduced expression of RASA1 mRNA between the tumor and corresponding normal tissue specimens ( fig. 1) . The results revealed that 64.4% (29/45) of breast cancer tissue expressed a low level of RASA1 compared to the paired normal specimens, indicating that the downregulation of RASA1 expression occurs at the mRNA level. To verify this finding, we used another set of tissue samples to assess RASA1 protein expression and then determined whether the levels of RASA1 expression were associated with clinicopathological data and prognosis of the patients.
we assessed the expression of RASA1 protein in 373 cases of IDC and the paired normal cases using immunohistochemistry. Our results showed that 226 (60.59%) out of 373 breast IDC tissues had a reduced expression of the RasGAP protein, whereas 147 (39.41%) of the 373 breast IDC tissues expressed relatively high levels of RasGAP protein compared to the paired normal breast tissue ( fig. 2) . The results regarding the association between RasGAP protein expression and clinicopathological data are shown in Table I . Specifically, the stratification analysis showed that there was no statistically significant difference between RASA1 expression and patient age, tumor size, progesterone receptor (PR) expression, or HER-2 expression. By contrast, the reduced RASA1 expression was significantly associated with lymph-node metastasis (P=0.002), advanced TNM stage (P=0.017), ER expression (P=0.002), Ki-67 expression (P=0.009) and higher histopathological grades (P<0.001). A reduction in RASA1 expression was also frequently observed in triple-negative breast cancers (P=0.041).
Association between RASA1 expression and survival of breast IDC patients. we determined whether levels of RASA1 expression were associated with survival of breast IDC patients Table I . Association of RASA1 expression with clinicopathological characteristics from invasive ductal carcinoma patients (n=373). ( fig. 3 and Table II ). All of the 373 patients were followed up after surgery with a median of 74 months of the follow-up (ranging between 3 and 82 months). Our results showed that a reduced RASA1 expression was significantly associated with poorer DfS compared to when tumors show high levels of RASA1 expression (P=0.036). Similarly, patients with low levels of RASA1 expression in tumors had a shorter OS rate than patients with tumors showing a high RASA1 expression (P<0.001). univariate analysis revealed that lymph-node metastasis (P<0.001), advanced TNM stage (P<0.001), expression of ER (P<0.001) and Her-2 (P=0.027), triple-negative breast cancer (P<0.001) and reduced RASA1 expression (P<0.001), all contributed to poor patient survival. In addition, multivariate analysis showed that lymph node metastasis (P=0.011), advanced TNM stage (P=0.002), Her-2 expression (P<0.001), triple-negative breast cancer (P<0.001) and reduced RASA1 expression (P=0.012) were all independent factors in predicting the survival of these breast cancer patients.
RASA1 --------------------------------------
Discussion
Breast cancer is the most frequently diagnosed malignancy in women in western countries and is the most prevalent malignant disease in almost all countries (17) . Hampering the development of effective treatment methods, breast cancer is a complex and heterogeneous disease (18) . On a molecular level, breast cancer can be classified using ER, PR and Her-2 expression as either ER-and PR-positive or as negative for all three markers (i.e., triple-negative breast cancer). Hormone blocking therapy can effectively control and treat ER-and PR-positive tumors, however, triple-negative breast cancers prove a greater challenge (19, 20) . Thus, development of novel strategies for the treatment and prognostic prediction of breast cancer, especially triple-negative breast cancer, may aid in the reduction of breast cancer mortality. For example, identification of genes in breast cancer may be used as novel adjuvant diagnostic and prognostic biomarkers to improve treatment decisions in combination with these parameters (21) .
In this study, we have demonstrated that the expression of RASA1 is significantly reduced in breast IDC tissues compared to the corresponding normal tissues. functionally, the RASA1 gene encodes a p120-RasGTPase-activating protein, which switches the active GTP-bound Ras to the inactive GDP-bound form. In RASA1 knockout mice, the embryos exhibit abnormal vascular development (22, 23) . Subsequent studies have demonstrated that RASA1 is an important member of the RAS pathway and a putative tumor suppressor (24) . On a molecular level, the p120-RasGAP protein contains two SH2, SH3, PH (pleckstrin homology) and CaLB/C2 (calcium-dependent phospholipid-binding domain) domains at the N-terminal, which function to regulate cell proliferation, migration and apoptosis depending on their downstream binding partners (25) (26) (27) (28) (29) . The p120-RasGAP protein interacts with other proteins such as Ras, Akt, Aurora and RhoGAP to regulate cell functions in angiogenesis and cancer development. for example, RASA1 acts as a suppressor of RAS function by enhancing the weak intrinsic GTPase activity of RAS proteins (24) , resulting in an increase in the inactive GDP-bound form of RAS, thereby leading to aberrant intracellular signaling such as inhibition of the RAf-MEKERK and PI3K-Akt pathways (30) (31) (32) . In addition, RASA1 is suggested to play a role in the regulation of angiogenesis and tumor progression (33) . Our current ex vivo experiments have demonstrated that the reduced RASA1 expression was significantly associated with lymph node metastasis, advanced TNM stage, ER expression, Ki-67 expression, higher histopathological grades and triple-negative breast cancers. These findings indicate that a reduced RASA1 expression is likely to contribute to breast cancer progression. A previous study also showed that a reduction in RASA1 expression induced human colorectal cancer cell growth in vitro and stimulated tumorigenesis in nude mice (24) . Another recent study has shown that the selective suppression of RASA1 promoted the unrestrained activation of Ras signaling in wild-type RAS-expressed hepatocellular carcinoma cells, resulting in increased tumor cell proliferation and resistance to apoptosis (34) . Our current study did not assess the cause of the reduced RASA1 expression in breast cancer. However, a previous study identified alterations in chromosome copy number in association with different subtypes, chromosomes that contain different candidate oncogenes and tumor suppressors including RASA1 (9) . This suggests that our findings of a reduced RASA1 expression in breast cancer may occur at the genomic level. future studies are needed to establish whether the loss of heterozygosity or RASA1 mutations contribute to a reduced RASA1 expression in breast cancer.
Our current study has shown that a low RASA1 expression frequently occurs in triple-negative breast cancers, which is a novel finding. A previous study demonstrated that triple-negative breast cancer was associated with a higher expression of Ki-67 (21) . Future studies are needed to confirm our current finding and to investigate whether targeting RASA1 is a novel therapeutic strategy for controlling triple-negative breast cancer. In addition, this study revealed that a reduced RASA1 expression is associated with poor OS and DfS of breast cancer patients, which has not been previously reported. we have also found that RASA1 expression, together with tumor lymph node metastasis, TNM stage, Her-2 expression, and triple-negative breast cancer were all independent factors in predicting the survival of breast cancer patients.
